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ABSTRACT 
The map method, the Jones method, the variance-covariance 

method, and the Skellam method were used to study the migra- 
tions of tagged yellowfin tuna released off the southern coast of 
Mexico in 1960 and 1969. The first three methods are all useful, 
and each presents information which is complementary to that 
presented by the others. The Skellam method, as used in this 
report, is less usefuL 

The movements of the tagged fish released in 1960 appeared 
to have been strongly directed, but this was probably caused prin- 
cipally by the distribution of the fishing effort. The effort was 
much more widely distributed in 1970, and the movements of the 
fish released in 1969 appeared to have been much less directed. The 
correlation coefficients derived from the variance-covariance 
method showed that it was not random, however. 

The small fish released in the Acapulco and 10°N-lOOoW areas 
in 1969 migrated to the Manzanillo area near the beginning of Feb- 
ruary 1970. The medium and large fish released in the same areas 
in the same year tended to migrate to the southeast throughout the 
first half of 1970. however. 

INTRODUCTION 
The migrations of yellowfin tuna, Thunnus albacares, in the eastern 

Pacific Ocean have been studied by Blunt and Messersmith (1960), 
Schaefer, Chatwin, and Broadhead (1961), and Fink and Bayliff (1970), 
the last report including data on all tagged fish released prior to 1965. 
Almost all the tagging of yellowfin off the southern Mexico coast up to that 
time was accomplished on two cruises conducted in 1960. During the middle 
and late 1960's the fishery expanded offshore, particularly between the 
equator and 15ON (Calkins and Chatwin, 1967 and 1971), and during the 
periods of restricted fishing for yellowfin inside the Tuna Commission's 
yellowfin regulatory area (CYRA) (Figure 1) fishing has been conducted 
to  the west of this area. For this reason additional tagging was conducted 
off the southern Mexico coast during 1969, both near the coast and far 
offshore. This report constitutes an analysis of the 1960 and 1969 experi- 
ments, using some new techniques in addition to those employed in the 
previous reports. 

1National Marine Fisheries Service, La Jolla, California 
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MATERIALS AND METHODS 
The methods of tagging the fish and handling the tag return data are  

described by Fink (1965), Fink and Bayliff (19701, and Bayliff (1973). 
The methods of collecting and handling the catch and effort statistics are 
discussed by Shimada and Schaefer (1956), Joseph and Calkins (19691, 
and Bayliff (1971). 

Most of the calculations were performed on the CDC 3600 and Bur- 
roughs 6700 computers at the University of California a t  San Diego. 
Programs CIAT F04 (Psaropulos, 1966) and two unpublished programs 
were employed for this purpose. 

DATA EMPLOYED 
Tag releases and returns 

The data for only three cruises are  used in this report, a s  no more than 
nine tag returns have resulted from any other cruises conducted in this 
area. The release and return data for these cruises are  listed in Table 1. 
Not all of the return data were used, as  some were unsuitable because the 
area or  date of recapture was unknown or for some other reason. Some 
tagging has been conducted near the Revillagigedo Islands and near Clip- 
perton Island, but these fish behave differently from those tagged further 
away from the islands, many of them apparently staying near the islands 
for considerable lengths of time (Fink and Bayliff, 1970). Since most of 
the catch off the southern Mexico coast is made in areas not in the vicinity 
of these islands, the data for the tagging experiments conducted near these 
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islands are not considered in this report. The areas where the tagged fish 
were released are shown in Figure 2. 

Ststtitics of the fishery 
The statistical data routinely collected by the Tuna Commission include 

the logged catches in short tons of yellowfin by 1-degree and 5-degree 
areas, by months, quarters, and years, by types of gear (purse seine and 
baitboat), and by size classes of vessels, and the corresponding effort in 
days of fishing, both unstandardized and standardized to Class-3 purse- 
seine (vessels of 101-200 short tons capacity) days and Class-4 baitboat 
(vessels of 201-3C0 short tons capacity) days (Shimada and Schaefer, 1956; 
Joseph and Calkins, 1969). The effort data obtained by the Tuna Com- 
mission represent about 90 percent of the total effort for the periods in 
question, and are  assumed to have the same distribution by area and time 
as  the total effort. In each year since 1966 there has been a quota on the 
Tatch of yellowfin in the CYRA, and most of the vessels which leave port 
after the closure date each year are restricted as  to the portion of the fish 
landed from their catches made inside the CYRA which can be yellowfin. 
The effort exerted inside the CYRA by vessels which leave port after the 
closure date is termed “regulated effort,” and these data are  kept sepa- 
rately from the “unregulated effort” data. All unregulated effort is as- 
sumed to be directed toward yellowfin (and also toward skipjack) except 
that for the few trips for which species other than yellowfin or skipjack 
make up more than one third of the total weight of the catch. The regu- 
lated effort data a re  not used in this study. 

It is necessary to obtain estimates of the fishing effort in each 5-degree 
area-month stratum in which tagged fish were recaptured. The effort data 
were all converted to Class-3 purse-seine units by the method of Bayliff 
(19711, using separate baitboat catch-per-unit-of-effort data for 0°-150N 
and north of 15ON. The monthly effort for purse seiners and baitboats, 
and for both gears combined, for the areas where tagged fish were recap- 
tured are  shown for March 1960-May 1961 in Table 2 and January-Decem- 
ber 1970 in Table 3. The 5-degree areas are coded by the latitudes and 
longitudes a t  their southeast corners, preceded by 0’s for areas north of 
the equator or  2’s for areas south of the equator (Shimada and Schaefer, 
1956). There was no unregulated effort inside the CYRA during October- 
December 1969, and all but one of the tag returns for this period were from 
fish recaptured by the tagging vessel. 

RESULTS 
The area-time strata in which tagged fish are  recaptured depend not 

only upon the migrations of the fish, but also upon the distribution of the 
fishing effort. If a tagged fish is released in one area the probability of 
its being recaptured in another depends not only upon the fishing effort 
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in the second area, but also upon that in the first area and in all the areas 
through which the fish passes while traveling from the first to the second 
area. Most of the analyses of migrations of the tagged fish in this report 
are  performed two ways, without and with adjustments for the differences 
in the amounts of fishing effort in the different 5-degree area-month strata 
of recapture. These adjustments were accomplished by dividing the num- 
ber of returns for each 5-degree area-month stratum by the corresponding 
effort and then multiplying it by a factor to get an adjusted number of 
returns. The calculations are explained in detail in later sections of this 
report. 

The method of adjustment is inadequate, as no allowance is made for 
the amounts of fishing effort in the area-time strata through which the 
fish passed prior to their recapture. Such adjustments could probably be 
accomplished only by computer simulation. In the meantime, however, the 
adjustment just described is probably better than none a t  all. 

Methods involving maps 
The locations of recapture of the fish from each group of releases are 

shown in Figure 2. These maps give a useful impression of the distances 
and directions traveled, but do not express these parameters in quantitative 
terms. Furthermore, there is no provision for indicating the dates of 
recapture or times at liberty, and this could be done only by substituting 
several maps for each of the present maps. 

In Figure 3 and Table 4 are shown the adjusted numbers of returns 
in eight arbitrarily-chosen areas for fish released in a 15-degree area (Area 
A in the figure) in 1969. These were calculated by 

(1) 
CC # a i  

7,y;s Ni, = (2) ( ' ) 
1 1 ' 1  

where 

N,, = adjusted number of returns in area i during month j ,  

f l j  

= actual number of returns in area i during month j ,  and 
= effort in area i during month j .  

The four returns of fish released north of 20"N were not used for these 
calculations, but six returns for which the 5-degree areas of recapture, but 
not the 1-degree areas of recapture, were known were used. It is clear that 
relatively few tagged fish released in the 15-degree area in question mi- 
grated to the areas west of Baja California, outside the CYRA, or south 
of 5 O N .  For these data it appears that tagged fish released in Area A 
moved from Area A to Area 2 near the beginning of February and back to 



MIGRATIONS OF YELLOWFIN 7 

Area A near the end of that  month. The incidence of tagged fish released 
in Area A increased in Area B from January to  May, indicating movement 
of fish released in Area A to Area B during this period. 

Skelhm method 
The averages of the squared distances of movement are calculated by 

where 

ri2 = average of the squared distances of movement by fish recap- 

y j  = distance of movement by fish recaptured in month j ,  and 
tz j  = number of returns for fish recaptured in month j .  

The adjusted averages of the squared distances of movement are calculated 

- 
tured in month j ,  

by 

R j 2  = adjusted average of the squared distances of movement by fish 

yii = distance of movement by fish recaptured in area i during month 

f i i  = effort in area i during month j .  

Skellam (1951) pointed out that  if the dispersion is random the aver- 
ages of the squared distances of movement increase linearly with time. If 
the point of release is near the coast, however, the fish can go only a short 
distance in that direction, and the rate of dispersion will appear to decrease 
with time even if such is not the case. 

The unadjusted averages of the squared distances of movement for 
the six groups of releases in question are shown on the left side of Figure 4. 
The points are plotted only for the months which include a t  least five 
returns. The numbers near the points indicate the numbers of returns in 
each month. These data indicate that  the dispersion is roughly random. 
For the Manzanillo area the number of returns was relatively high and 
the 7 value was relatively low for February 1970, whereas the reverse 
was true for the Acapulco and 1O0N-10O0W areas. This is probably be- 
cause the effort was relatively high in the 0-15-105 and 0-20-105 areas and 
relatively low in 0-10-095, 0-10-100, and 0-10-105 areas during that  month 
(Table 4). 

recaptured in month j ,  

j ,  and 
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The adjusted averages of the squared distances of movement are  shown 
on the right side of Figure 4. These graphs are  quite similar to those on 
the left side of the figure. The a;; values for February 1970 for the Aca- 
pulco and 1O0N-10O0W areas are relatively high, which indicates that  on 
the average the fish were further away from the areas of release during 
February than during January or March. The data indicate the presence 
of fish from those two areas in the Manzanillo area during February, so it  
is logical to assume that the high effort exerted in that area during that  
month was due a t  least partly to an influx of fish from the Acapulco and 
1O0N-10O0W areas. 

If the movement is mostly or entirely in one direction and a t  a constant 
rate the average distances of movement increase linearly with time, and the 
averages of the squared distances of movement increase exponentially. It 
will be shown in the next section that the fish of the 1960 releases which 
were recaptured moved mostly in one direction, and i t  can be seen that  the 
graphs for the fish released in the Acapulco area in 1960 are concave upward 
and thus roughly exponential. 

Jones method 
This method, devised by Jones (1959 and 1966), has been used pre- 

viously in a slightly different form for yellowfin by Fink and Bayliff (1970). 

The dispersion of the fish is analyzed from data on the months of recap- 
ture, days a t  liberty, distances of movement, and directions of movement. 
Eight directions of movement, 0"-45" true = 0, 45"-90" true = 1,. . . , and 
315"-360" true = 7, are  used. 

For the unadjusted data the following calculations are  made by month 
of recapture, by all months of recapture combined, by direction of movement, 
and by all directions of movement combined 

where 

t j k  = 

t j k  = 

n j k  = 

where 

average time a t  liberty for fish recaptured in month j which had 
moved in direction k, 
time a t  liberty for fish recaptured in month j which had moved 
in direction k, and 
number of fish recaptured in month j which had moved in direc- 
tion k, 

(5) 
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rjk = average distance of movement for fish recaptured in month i 

r j k  = distance of movement for fish recaptured in month j which had 
which had moved in direction k and 

moved in direction k, 

where 

z'jk = mean velocity of dislocation for fish recaptured in month j which 
had moved in direction k and 

@k = angle corresponding to direction of movement k (Direction 0 = 
6'7s0, Direction 1 = 22x0, Direction 2 = 337s0,. . . , and Di- 
rection '7 = 11254"), and 

where 

a j k z  = mean square dispersion coefficient for fish recaptured in month 
j which had moved in direction k. 

The adjusted number of returns in each month-direction of movement 
stratum is calculated by 

N j k  = (Cy) (xx& TTT - ;:) (8) 

' 1  
where 

Nik = adjusted number of returns in month j for fish which had 
moved in direction k, 

n i j k  = actual number of returns in area i during month i for fish 
which had moved in direction k, and 

fij = effort in area i during month j .  
The calculations analogous to those performed by Formulae (41, (51, (61, 
and (7) are  accomplished by 
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where 

= adjusted average time at liberty for fish captured in month j 

t i j k  = time at liberty for fish recaptured in area i during month j 
which had moved in direction R and 

which had moved in direction R,  

where 

= adjusted average distance of movement for fish recaptured in 

rijk = distance of movement for fish recaptured in area i during 
month j which had moved in direction k and 

month j which had moved in direction k, 

where 

v j k  = adjusted mean velocity of dislocation for fish recaptured in 
month j which had moved in direction k, and 

r 

where 
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Alr2 = adjusted mean square dispersion coefficient for fish recaptured 

The significance of the mean velocity of dislocation and the mean 
square dispersion coefficient has been discussed by Jones (1959 and 1966). 
Briefly, the former pertains to directional movement and the latter to ran- 
dom movement. The latter is a measure of the average amount of devi- 
ation from the mean direction of movement. A high value of vj .  (or Vj . )  
and a low value of a,. or (A j . )  would indicate directional movement with 
little dispersion, while a low value of v j .  (or V j . )  and a high value of uj. (or 
Aj.)  would indicate the reverse. Even if the movement is entirely random, 
the values of wi .  (or Vj.) would not be expected to equal 0 for most of the 
present groups of releases because they were made close to shore, and the 
fish were restricted in their movements toward shore. 

The directions and average distances of movement, as calculated from 
the unadjusted return data, are  shown on the left sides of Figure 5. The 
number in the center of the first diagram indicates the number of fish 
which did not move from the locations of release. (As explained by Schae- 
€er, Chatwin, and Broadhead (1961), because of lack of precision in record- 
ing positions at sea, fish which moved 10 or  20 miles are often recorded 
as having been recaptured at the location of release.) The numbers near 
the heads of the arrows indicate the numbers of fish which moved in each 
direction and the average distances of movement, respectively. The widths 
of the circle and of the lines are proportional to the percentages of the 
fish which were recaptured in the locations of release and the percentages 
which moved in each direction. The lengths of the lines are proportional 
to the average distances of movement. 

The fish released in the Acapulco area in 1960 were recaptured pri- 
marily to the northwest, while those released in the Manzanillo area in 
1960 and in the Manzanillo and Acapulco areas in 1969 appear to have 
migrated mostly to the southeast. The fish released offshore were r e c a p  
tured mainly to the east and northeast. The average distances of move- 
ment of the fish released in the Acapulco area in 1960 were less than those 
of the fish of the other groups of releases. It can be seen in Figure 4 that 
most of the former were recaptured shortly after release, whereas most 
of the latter were at liberty longer, so the mean velocities of dislocation 
are  not necessarily less for the fish released in the Acapulco area in 1960. 

Diagrams equivalent to those on the left sides of Figure 5 are shown 
on the right sides of that  figure for the adjusted return data. The results 
are  quite similar to those obtained for the unadjusted data. I t  appears 
that  there was a considerable migration in Direction 6 from the 10°N- 
108OW area, but it can be seen on the left side of the figure that  this is 
based upon only three returns, coupled with relatively little fishing effort 
in the corresponding 5-degree area-month strata. 

in month j which had moved in direction k. 
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The migrations appear to have been much more directed for the fish 
released in 1960 than for those released in 1969. To investigate this further 
the distributions of fishing effort and returns were plotted by 1-degree 
areas and months. These data showed more clearly than do those in Table 
2 that there was relatively little effort to the southeast of the Acapulco 
area, and particularly to the northwest of the Manzanillo area, during the 
months when most of the tagged fish were recaptured. Thus there are  two 
possibilities, (1) that the movement was strongly directed, which caused 
the effort to be distributed the way it was, o r  (2) that the distribution of 
the effort caused the movement to appear to be strongly directed, even 
though such was not the case. The former explanation is the more likely 
if the distributions of the tagged fish during the periods after release were 
about the same as  those of most of the fish in the same general area and 
the weather permitted the vessels to fish where the fish were most con- 
centrated. The latter explanation is more likely if the distribution of the 
fishing effort was the result of the distributions of fish other than those 
of the groups to which the tagged fish belonged or the result of weather 
conditions which caused the vessels to avoid some of the areas to which 
the tagged fish migrated. In general, the weather is poor between Aca- 
pulco and Manzanillo from about July through October, between Costa 
Rica and Manzanillo from about August through October, and in the Gulf 
of Tehuantepec from about November through March. The fishing effort 
has always been relatively low in the Gulf of Tehuantepec. The results of 
the 1969 experiments indicate that the movement was probably more nearly 
random for the fish of the 1960 experiments than the data indicate. This 
modifies the conclusion of Fink and Bayliff (19701, who on the basis of the 
results obtained with the Jones method with unadjusted data stated that 
the movements of the fish released in 1960 were strongly directed. 

There is no provision in these diagrams for indicating the times at 
liberty or dates of recapture, and this could be done only by substituting 
several diagrams for each of the present ones. 

The directions and average distances of movement by month of r ecap  
ture, as calculated from the unadjusted return data, are  shown on the left 
sides of Figure 6. The data for fish moving in different directions a re  
shown in different panels within each graph. The points for consecutive 
months a re  joined by solid lines and those for non-consecutive months by 
dashed lines. The numbers near the points indicate the numbers of fish in 
each month. The values of w . ~  appear in all the panels, and the values of 
u . . ~  in the bottom panels. These diagrams are useful for detecting seasonal 
migrations. For instance, if the fish were at the southern end of their 
range in January and at the northern end of it in July, and they were 
tagged in January, rTwould increase for about 6 months and then decrease. 
Also, there would be many fish in the panels for Directions 0 and 7 and few 
in the panels for Directions 3 and 4 during February-June, whereas the 
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reverse would be true during August-December. Seasonal migrations are  
not apparent, the distances from the locations of release tending only to 
stay constant or increase with time. The velocities in each direction were 
roughly the same for all the experiments, but the velocities in the bottom 
panels for the 1960 experiments were greater because most of the fish 
which were recaptured had moved in the same directions. 

Diagrams equivalent to those on the left sides of Figure 6 are shown 
on the right sides of that  figure for the adjusted return data. These dia- 
grams appear quite similar to the corresponding ones for the unadjusted 
data, the principal differences being in the numbers of fish. One notable 
example appears in the Direction8 panel for the fish released in the Aca- 
pulco area in 1969; in this case a single return for October was adjusted to 
34 returns because the effort in the 5-degree area-month stratum of recap- 
ture was low. The differences in the directions of movement for the un- 
adjusted and adjusted returns for February from the fish released in the 
Acapulco area in 1969 are of interest. For the unadjusted data, 7 of the 
recaptures were made to the southeast (Directions 2 and 3) and 36 to the 
northwest (Directions 6 and 7) ; for the adjusted data 24 of the recaptures 
were made to  the southeast and 12 to the northwest. This indicates that  
the fish released in the Acapulco area in 1969 tended to be distributed more 
to the southeast than to the northwest (Le. in or near the Manzanillo area) 
in February 1970. 

The mean square dispersion coefficients by months of recapture, as  
calculated from the unadjusted return data, are  shown on the left side of 
Figure 7. The points are  plotted only for the months which include a t  
least five returns. The numbers near the points indicate the numbers of 
returns in each month. The aj.* values are  higher for the experiments 
initiated in 1969 because the effort was spread over a much greater area 
in 1970, which resulted in the recaptures also being spread over a much 
greater area. The trends are  quite similar to those for the averages of the 
squared distances of movement (Figure 4). However, there is no tendency 
for the a,.2 values to increase with time, except possibly for the fish released 
in the Acapulco area in 1969. The aj.* values for February are  low for the 
fish released in the Manzanillo area in 1969 and high for the fish released 
in the Acapulco and 1OoN-10OoW areas in that year, this probably being 
due to the large amount of fishing effort exerted in the Manzanillo area 
and the low amount exerted in the Acapulco area in February 1970. 

Diagrams equivalent to  those on the left side of Figure 7 area shown 
on the right side of that  figure for the adjusted return data. The results 
are  quite similar to those obtained for the unadjusted data, the principal 
difference being that there does not appear to be an increasing trend for 
the fish released in the Acapulco area in 1969. For the reason given in the 
discussion of the Skellam method, it is logical to assume that the high effort 
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exerted in the Manzanillo area during 1970 was due at least partly to an 
influx of fish from the Acapulco and 1O0N-10O0W areas. 

Variance-covariance method 
With this method Cartesian coordinates, instead of the polar coordi- 

nates used in the Jones method, are  employed. Each fish is assumed to 
have been released a t  point (O,O), and the location of recapture is expressed 
as distances east or west (X) and north or south ( Y )  of that  point. The 
variance-covariance matrix for the recaptures in month j from a group of 
releases is calculated by 

where 

#j = number of returns during month j ,  

= 2 X j / n j  , and 

The determinant of the variance-covariance is calculated by 

( 4 1  x a-2) - (d,z x 4 1 )  (14) 

and the coefficient of correlation by 

[ ( 4 2  x %?I)/ (a11 x 1% . (15) 

It is apparent that  if the movement of the group of fish was approximately 
at a 45-degree angle to the abscissa and ordinate, uiz northeast, southeast, 
southwest, or northwest (or in two opposite directions), the correlation 
coefficient would be more likely to be significant than if it  was approxi- 
mately along one of the axes, uiz north and/or south or east andJor west. 
To remedy this bias the axes were rotated, employing a method devised by 
Dr. Robert C. Francis. The transformed abscissa and ordinate were those 
axes through the origin which were at 45-degree angles to the direction 
of maximum variability in the original Cartesian coordinate system. That 
direction was determined by computing the first eigenvector of the original 
variance-covariance matrix. This procedure maximizes the correlation 
coefficients. 
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The adjusted variance-covariance matrix is calculated by 

15 

(%'(Xii f i i - X,j)Z/#j - y$ ( l / f i j )  

The determinant of the variance-covariance matrix and the correlation 
coefficient are  obviously closely related since the first is obtained by sub- 
tracting a smaller number from a larger one and the second is obtained 
by dividing the same smaller number by the same larger one and then 
taking the square root of the quotient. The determinant of the variance- 
covariance matrix is an index of the dispersion of the fish; when the dis- 
tances of the fish from one another are large the determinant is large. 
Thus it is very similar to tij.* of the Jones method. The correlation coef- 
ficient approaches 0 when the movement is random and approaches 1 when 
most of the movement is in only one direction or in two opposite directions. 

The variance-covariance method is based on probabilities, so when the 
data are adjusted this invalidates the estimates of the determinant of the 
variance-covariance matrix and the correlation coefficient. Nevertheless, 
these estimates are  shown in the figures for comparison with those obtained 
with the unadjusted data. 

The average locations of recapture by months of recapture, as calcu- 
lated from the unadjusted return data, are shown on the left sides of Figure 
8. The points are plotted only for the months which include at least five 
returns. The numbers near the points indicate the months of recapture 
(1 = January, 2 = February, etc.). Again it is apparent that  the fish re- 
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leased in the Acapulco area in 1960 were recaptured mostly to the north- 
west and that  those released in the Manzanillo area in that year were 
recaptured mostly to  the southeast. It is also again apparent that  the fish 
released in the Manzanillo and Acapulco areas in 1969 were recaptured 
mostly to the southeast, while those released offshore were recaptured 
mostly to the east and northeast. However, the fish released in the Aca- 
pulco area in 1969 appeared mostly to the northwest of the area of release 
in February 1970, coincident with the large amount of fishing effort in the 
Manzanillo area during that month. Likewise, the fish released in the 
1OoN-10OoW and 10°N-1080W areas in 1969 appeared more to the north 
of the area of release in February than in the other months of 1970. 

Diagrams equivalent to those on the left sides of Figure 8 are shown 
on the right sides of that  figure for the adjusted return data. The diagrams 
on the left and right sides of this figure differ more from one another than 
do those on the left and right sides of any other figure. It appears that  
the fish released in the Acapulco area in 1969 did not migrate in large 
numbers to  the Manzanillo area near the beginning of February 1970; thus 
the total catch was large in that area during that month because the fish 
which were already there became more vulnerable to the fishery or because 
there was an ingress of fish of groups other than those to which the fish 
released in the Acapulco area in 1969 belonged. The same applies to the 
fish released a t  1O0N-10O0W in 1969; their movement near the beginning 
of February 1970 was primarily to the east. 

The unadjusted and adjusted determinants of the variance-covariance 
matrices by months of recapture are shown on the left and right sides of 
Figure 9. The results are  similar to  those shown in Figures 4 and 7, the 
principal difference being that the differences among the six groups of 
releases are greater for the ranges of the determinants than for the ranges 
of the parameters in the other two figures. The results were expected to 
be especially similar to those in Figure 7, but they indicate an increasing 
trend with time for the fish released in the Acapulco area in 1969, which 
is more similar to the trend in Figure 4 than to that in Figure 7. 

The unadjusted and adjusted correlation coefficients by months of 
recapture are  shown on the left and right sides of Figure 10. The results 
a re  similar to those shown in Figures 4, 7, and 9, particularly Figure 7. 
Only two unadjusted correlation coefficients for months with more than six 
returns were not significant a t  the 5-percent level; these were the corre- 
lation coefficients for the Manzanillo area for January 1970 (d. f. = 17, 
Y = 0.217) and the 1O0N-10O0W area for January 1970 (d. f. = 27, Y = 
0.356). For both of these the adjusted correlation coefficients were sig- 
nificant, however ( Y  = 0.669, P < 0.01 for the former and Y = 0.649, P <  
0.01 for the latter). For the adjusted data there was only one non-signifi- 
cant correlation coefficient for a month with more than six returns; in this 
case it was for the Acapulco area for March 1970 (d. f. = 67, Y = 0.217). 
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Lengths of the fish and effect of length on direction of movement 
I t  is desirable to compare the distributions of the lengths at the times 

of release of the tagged fish which were returned to the length-frequency 
distributions of fish caught in the same areas at the same times to see if 
the former were representative of the latter. Also, it  is desirable to com- 
pare the directions of movement of fish of different lengths. 

Data on the length-frequency distributions of fish in the catches are 
obtained routinely from measurements of samples of 50 fish shortly after 
they are unloaded from the vessels a t  the canneries (Hennemuth, 1957). 
The pertinent data are shown in Figure 11. The length-frequency data for 
the Acapulco area in 1960 consist of nine samples of fish caught by bait- 
boats in that  area in March and April 1960. Those for the Manzanillo area 
in 1960 consist of one sample of fish caught by a baitboat in that area in 
August 1960; these data are not shown in the figure because the tagged 
fish released in August 1960 were not measured. The length-frequency 
data for 1969 consist of one sample of fish landed by the vessel which was 
used for tagging. (No other samples were obtained because, due to the 
regulation mentioned previously, there were no other vessels fishing in the 
area during the last quarter of 1969.) This sample included a mixture of 
fish caught in Acapulco and 1OoN-1O8OW areas. It was biased because 
fish were removed from those caught for tagging and, as will be shown 
below, equal portions of fish of all sizes caught were not selected for this 
purpose. 

Data on the distributions of the lengths a t  the times of release of the 
tagged fish which were returned are also shown in Figure 11. 

The catch in the Acapulco area in 1960 appears to have consisted of 
three groups of fish, while almost all of the tagged fish which were returned 
appear to have belonged to the middle group. Thus the data presented in 
this report may be representative only of the migrations of the fish of the 
middle group. 

The fish tagged in the Manzanillo area in 1960 were probably about 
50-60 cm long (Fink and Bayliff, 1970: 57). The 50 fish of the correspond- 
ing sample of the catch were mostly 54 to 62 cm long, so the tagged fish 
were probably fairly representative of those caught in that area during 
that  month. 

The biased sample of the catch in the Acapulco and 10°N-1080W areas 
in 1969 indicates two groups of fish, one including fish less than 100 cm 
long and the other including fish more than 110 cm long. The great 
majority of the tagged fish which were returned were less than 100 cm 
long a t  the times of release. Thus in this case the data presented in this 
report may be representative only of the migrations of the smaller fish. 

The fish of the largest group, those released in the Acapulco area in 
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1969, were selected for comparison of the directions of movement of fish 
of different lengths. A graph of the frequencies of the lengths of the 
tagged fish released in this area was prepared, and on the basis of this the 
fish which were returned were divided into the following categories: small 
42-71 cm (62 fish); medium, 72-93 cm (294 fish); large, 94-126 cm (18 
fish) ; unknown (5 fish). A preliminary examination of the data indicated 
that the small fish tended to migrate more to  the northwest than to the 
southeast, whereas the reverse was true for the medium and large fish. It 
was observed that the portions of small and medium fish differed among 
sets made in different locations in the Acapulco area, so the differences in 
direction of movement might be due to the differences in location of release 
rather than to differences in length of the fish. To examine this the data 
were divided into five locations of release, three directions of movement, 
southeast (Directions 2 and 3), southwest (Directions 4 and 5) , and north- 
west (Directions 6 and 7), and two lengths, small and medium. Fish had 
been released in seven 1-degree areas, but the data for two of them were 
combined with those of the nearest two 1-degree areas to avoid empty cells. 
The data for fish which moved in Directions 0 and 1 and those for large 
fish were not considered because there were so few in those categories. 
The results of G tests (Sokal and Rohlf, 1969: 601-607) are  as follows: 

Degrees of 
Hypothesis freedom G Probability 

Location X length independence 4 34.046 < 0.01 
Location X .direction independence 8 33.056 < 0.01 
Length X direction independence 2 20.936 < 0.01 
Location X length X direction interaction 8 2.798 > 0.05 
Total 22 91.286 

The non-significance of the interaction indicates either that the difference 
in directions of movement of the small and medium fish was caused by dif- 
ferences in the portions of small and medium fish released in the different 
locations or  that  the difference in directions of movement of the fish re- 
leased in the different locations was caused by differences in the portions 
of small and medium fish in those locations. Examination of the data 
reveals that  the latter is the case; thus the small fish tended to migrate 
more to the northwest and the medium fish more to the southeast. 

A Chi-square contingency test indicated no difference in the directions 
of movement for the medium and large fish (x2 = 0.533, d.f. = 2, P > 0.05). 
However, the number of large fish returned was limited, and most of these 
were smaller than the large fish of the sample (Figure 11). If equal por- 
tions of the catch of fish of all sizes had been tagged and returned there 
would probably have been more movement to the southeast and less to the 
northwest, but this is not certain because so few tagged fish larger than 
100 cm were released. 
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SUMMARY AND CONCLUSIONS 
The map method, the Jones method, and the variance-covariance 

method are  all useful for studying the migrations of yellowfin, and each 
presents information which is complementary to that presented by the 
others. The Skellam method, as  used in this report, is less useful. 

The movements of the tagged fish released in 1960 appeared to have 
been strongly directed, but i t  was shown that this was probably caused 
principally by the distribution of the fishing effort. The effort was much 
more widely distributed in 1970, and the movement of the fish appeared to 
have been much less directed. The correlation coefficients derived from 
the variance-covariance method showed that it was by no means random, 
however. 

One of the most interesting questions is whether or  not a major portion 
of the tagged fish released in the Acapulco and 1O0N-10OoW areas in 1969 
migrated northwest to the Manzanillo area near the beginning of February 
1970. If the data had been analyzed only by the Skellam method it would 
have been concluded that such was the case. However, employment of 
the map, Jones, and variance-covariance methods showed that  when the 
data are  adjusted the movement to the Manzanillo area was relatively un- 
important. An analysis of the movement by length indicated that the small 
fish tended to  move to the northwest and the medium and large fish tended 
to move to the southeast. 

It would be desirable to compare data on tagged fish released in the 
same areas during the same months in other years to determine the extent 
of variation in the migrations in different years. Such experiments were 
initiated on a smaller scale in 1970, 1971, 1972, and 1973, and such com- 
parisons will eventually be made. It would also be desirable to study the 
migrations of tagged fish released in other areas, particularly off Central 
America and outside the CYRA. Tagged fish were released in these areas 
in 1970 and 1971, but on a much smaller scale than necessary. The 
experiments off Central America were initiated during April, May, and 
June, but they should also be initiated during October, November, or De- 
cember to  take advantage of the peak period of fishing in that area during 
January through May. Finally, i t  would be desirable to tag and release 
more large fish. Unfortunately, however, these fish are so difficult to 
handle that  this would be almost impossible to do. 
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FIGURE 2. Areas of release (areas delineated by heavy lines) and areas of recap- 
ture (areas with numerals) for fish released off the southern coast of 
Mexico in 1960 and 1969. 

FIGURA 2. Areas de liberacibn (areas delineadas por lineas gruesas) y areas de 
recaptura (&reas con cifras) de peces liberados frente a la costa 
meridional de Mexico en 1960 y 1969. 
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FIGUBE 2. (Continued) 
FIGURA 2. (Continuadh) 



MIGRATIONS OF YELLOWFIN 23 

FIGURE 2. (Continued) 
FIGURA 2. (Continuaci6n) 
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FIGURE 3. 

FIGURA 3. 

Adjusted tag returns during JanuaryJune 1970 of fish released off 
the southern Mexico coast during October-November 1969. 
Devoluciones ajustadas de marcas durante enero-junio 1970 de peces 
liberados frente a la costa meridional de Mexico durante octubre- 
noviembre 1969. 
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Unadjusted (left side of figure) and adjusted (right side of figure) 
averages of the squared distances of movement in nautical miles, by 
months of recapture. 
Promedios sin ajustar (margen izquierdo de la figura) y ajustados 
(margen derecho de la figura) de las distancias cuadradas de desplaza- 
miento en millas nhuticas, por meses de recaptura. 
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FIGURE 7. Unadjusted (left side of figure) and adjusted (right side of figure) 
mean square dispersion coefficients, by months of recapture. 

FIGURA 7. Medias cuadradas del coeficiente de dispersi6n sin ajustar (margen 
izquierdo de la figura) y ajustada (margen derecho de la figura), por 
meses de recaptura. 
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RECAPTURE 3 
FIGURE 9. Unadjusted (left side of figure) and adjusted (right side of figure) 

determinants of variance-covariance matrices, by months of recapture. 
FIGURA 9. Determinantes de las matrices varianciacovariancia sin ajustar (mar- 

gen izquierdo de la figural y ajustados (margen derecho de la figura), 
por meses de recaptura. 
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FIGURE 10. Unadjusted (left side of figure) and adjusted (right side of figure) 
correlation coefficients, by months of recapture. 

FIGURA 10. Coeficientes de correlaci6n sin ajustar (margen izquierdo de la 
figura) y ajustados (margen derecho de la figura), por meses de 
recaptura. 
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FIGUaE 11. Distributions of the lengths of samples of fish in the catches and 
of the lengths at the times of release of the tagged fish whkh were 
returned. 

FIGURA 11. Distribucih de tallas de las muestras de peces en las capturas y de 
las tallas a tiempo de liberaci6n de 10s peces marcados que fueron 
devueltos. 
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TABLE 1. Tagged fish release and return data used for studies of the migrations 
of yellowfin off the southern coast of Mexico. 

TABLA 1. Datos de liberaci6n y de devolucibn de peces marcados usados para 
estudiar las migraciones de aleta amarilla frente a la costa meridional 
de Mbxico. 

Cruise Dstesof Vessel Vesseltype Region Number Number 
release released returned 

Crucero Fechm de Barco Tipo de barco Regi6n Cantidad Cantidad 
Uberacidn liberada devuelta 

1033 Mar. 26- Julia B. chartered Acapulco 1,141 190 
Apr. 9, 1960 baitboat 

cliper fletado 

1035 Aug. 24-27,1960 Westport baitboat Manzanillo 345 32 

Oct. 28- purse seiner Acapulco 4,7341 430 
Nov. 4,1969 cerquero 
NOV. 12-14,1969 fletado lO"N-100"W 1,7142 107 

1055 Oct. 25-27,1969 Connie Jean chartered Manzanillo 436 49 

NOV. 7-9 
and 16-19, 1969 10"N-100"W 1,636 89 

1 includes six re-releases - incluye seis reliberaciones 
2 includes five re-releases .- incluye cinco reliberaciones 

- 
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MIGRACIONES DEL ATUN ALETA AMARILLA MARCADO F'RENTE 
A LA COSTA MERIDIONAL DE MEXICO EN 1960 Y 1969 

por 
Williim H. Bayliff y Brian J. Rothschild' 

EXTRACT0 
El metodo de mapas, el de Jones, el de la variancia-covariancia 

y el de Skellam fueron empleados para estudiar las migraciones 
del atim aleta amarilla marcado y liberado frente a la costa meri- 
dional de Mexico en 1960 y 1969. Los tres primeros mbtodos son 
todos titiles, y cada uno presenta informaci6n que complementa la 
presentada por 10s otros. El metodo de Skellam, conforme se usa 
en este informe, es menos fitil. 

Parece que 10s desplazamientos de 10s peces marcados y libera- 
dos en 1960 hubieran sido fuertemente orientados, per0 est0 pro- 
bablemente fue causado principalmente por la distribucibn del 
esfuerzo de pesca. El esfuerzo se distribuy6 mAs extensamente 
en 1970, y parece que 10s desplazamientos de 10s peces liberados en 
1969 fueran menos orientados. Los coeficientes de correlaci6n 
derivados del metodo variancia-covariancia indicaron, sin embargo, 
que no eran aleatorios. 

Los peces pequeiios liberados en las Areas de Acapulco y 10s 
1O0N-10OoW en 1969 migraron a1 Area de Manzanillo a principios 
de febrero 1970. Los peces medianos y grandes liberados en las 
mismas Areas en el mismo aiio tuvieron, sin embargo, la tendencia 
a desplazarse a1 sudeste durante el primer semestre de 1970. 

INTRODUCCION 
Las migraciones de atun aleta amarilla, Thunms albacares, en el Ocean0 

Pacific0 oriental han sido estudiadas por Blunt y Messersmith (19601, 
Schaefer, Chatwin y Broadhead (1961) y Fink y Bayliff (1970); el Wimo 
informe incluye 10s datos de todos 10s peces marcados y Iiberados antes de 
1965. Casi todo el marcado de aleta amarilla frente a la costa meridional 
de Mexico hasta esa 6poca se realiz6 en dos cruceros conducidos en 1960. 
A mediados y a fines del decenio de 1960 la pesca se extendi6 mar adentro, 
especialmente entre el ecuador y 10s 15ON (Calkins y Chatwin, 1967 y 
19711, y durante 10s periodos de Veda de la pesca de aleta amarilla en el 
Brea reglamentaria de la Comisi6n de aleta amarilla (ARCAA) (Figura 1) 
la pesca se habia realizado a1 oeste de esta Brea. Por esta raz6n se llev6 
a cabo otro marcado en 1969 frente a la costa meridional de Mexico, tanto 
cerca de la costa como mar adentro. Este informe es un analisis de 10s 
experimentos de 1960 y 1969, en el que se emplean nuevos mktodos ademas 
de 10s usados en informes previos. 

'National Marine Fisheries Service, La Jolla, California 
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examinado por 10s Dres. James Joseph, Robert C. Francis y Jerome J. Pella. 

MATERIALES Y METODOS 
Los metodos de marcado de 10s peces y el empleo de 10s datos de la 

devoluci6n de marcas son descritos por Fink (1965), Fink y Bayliff (1970) 
y Bayliff (1973). .(Las palabras “devolver” y “devoluci6n” (Jones, 1966: 
xiii) en este informe substituyen “retornar” y “retorno” definidas por Fink 
y Bayliff (1970: 155). Los metodos de colectar y utilizar las estadisticas 
de captura y esfuerzo son discutidos por Shimada y Schaefer (1956), Joseph 
y Calkins (1969) y Bayliff (1971). 

La mayoria de 10s calculos se realiz6 en las computadoras CDC 3600 
y Burroughs 6700 en la Universidad de California en San Diego. Se 
emplearon para este prop6sito 10s Programas CIAT F04 (Psaropulos, 1966) 
y otros dos ineditos. 

DATOS USADOS 
Liberaciones y devoluciones de m a r w  

Se usan en este informe 10s datos solamente de tres cruceros, ya que no 
se han obtenido mas de nueve devoluciones de marcas de cualquier otro 
crucero conducido en esta area. Los datos de liberaci6n y devoluci6n de 
estos cruceros se enumeran en la Tabla 1. No se emplearon todos 10s datos 
de devoluciones, ya que algunos fueron inapropiados debido a que no se 
conocia el area o la fecha de recaptura o por cualquiera otra raz6n. Se 
ha llevado a cab0 algiin marcado cerca a las Islas Revillagigedo y cerca a 
la Isla Clipperton, per0 estos peces se comportaron diferentemente a 10s 
marcados mas lejos de las islas, ya que muchos de ellos permanecen 
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aparentemente cerca de las islas por periodos considerables de tiempo 
(Fink y Bayliff, 1970). Como la mayoria de la captura frente a la costa 
meridional de Mexico se obtiene en areas que no estan en la vecindad de 
estas islas, no se consideran en este informe 10s datos de 10s experimentos 
del marcado conducidos cerca a estas islas. Las areas en las que se 
liberaron 10s peces marcados se presentan en la Figura 2. 

Estadisticas de pes- 
Los datos estadisticos obtenidos rutinariamente por la Comisi6n del 

Attm incluyen las capturas registradas en toneladas americanas (cortas) 
de atun aleta amarilla por areas de 1 grado y 5 grados, por meses, tri- 
mestres y afios, por tip0 de arte (cerqueros y clipers) y por la clase de 
capacidad de 10s barcos, y el esfuerzo correspondiente en dias de pesca, 
no normalizado y normalizado a dias de la Clase 3 de barcos cerqueros 
(barcos de 101-200 toneladas americanas de capacidad) y a dias de la Clase 
4 de clipers (barcos de carnada de 201-300 toneladas americanas de capaci- 
dad) (Shimada y Schaefer, 1956; Joseph y Calkins, 1969). Los datos del 
esfuerzo obtenidos por la Comisi6n del Atun representan aproximadamente 
el 90 por ciento del esfuerzo total correspondiente a 10s periodos de 
referencia y se supone que tengan la misma distribuci6n por area y tiempo 
que el esfuerzo total. En cada aAo desde 1966 ha existido una cuota de 
captura de aleta amarilla en el ARCAA, y la mayoria de 10s barcos que 
zarpan cada afio despues de la fecha de clausura tienen un limite respecto 
a la porci6n de aleta amarilla de 10s peces desembarcados por las capturas 
obtenidas en el ARCAA. El esfuerzo ejercido en el ARCAA por barcos 
que zarparon despues de la fecha de Veda se denomina “esfuerzo regla- 
mentado”, y estos datos se mantienen aparte de 10s datos del “esfuerzo no 
reglamentado”. Se supone que todo el esfuerzo no reglamentado se dirige 
hacia el aleta amarilla (y  t a m b i h  hacia el barrilete) except0 en unos pocos 
viajes en que otras especies que no fueron aleta amarilla o barrilete for- 
maron mas de un tercio del peso total de la captura. No se emplean en 
este estudio 10s datos del esfueno reglamentado. 

Es necesario obtener estimaciones del esfuerzo de pesca en cada 
estrato de Area de 5 grados y mes en que se han recapturado peces 
marcados. Los datos del esfuerzo se convirtieron todos a unidades de la 
Clase 3 de cerqueros por el metodo de Bayliff (1971), usando datos sepa- 
rados para la captura por unidad de esfuerzo de 10s clipers correspondiente 
a 10s 0°-150N y norte de 10s 15ON. El esfueno mensual de cerqueros y 
clipers, y de ambas artes combinadas, en las areas donde se recapturaron 
peces marcados se presentan en la Tabla 2 para marzo 1960-mayo 1961 
y en la Tabla 3 para enero-diciembre 1970. Las areas de 5 grados se 
codifican por las latitudes y longitudes de sus margenes sudestes, precedidas 
por 0’s para areas a1 norte del ecuador o 2’s para areas a1 sur del ecuador 
(Shimada y Schaefer, 1956). No hubo esfueno sin reglementar en el 
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Abre-diciembre 1969, y todas menos una de las marcas 
durante_kte period0 fueron de peces recapturados por el barco 

As d u r y  
Arcado. 

.dvatos Brea-tiempo en 10s que 10s peces marcad- son recaptura- 
q n d e n  no solamente en las migraciones de 10s peces, sino tambikn 

dktribucion del esfueno de pesca. Si un pez marcado es liberado en 
la probabilidad de que sea recapturado en otra depende no sola- 

.nente en el esfueno de pesca en la segunda area, per0 tambien en el de la 
primera area y en todas las areas por las que el pez pas6 mientras viaja 
de la primera a la segunda area, La mayoria de 10s analisis en este informe 
de las migraciones de peces marcados se realiza de dos formas, sin ajustes 
y con ellos para encontrar las diferencias en las cantidades del esfueno de 
pesca en 10s diferentes estratos de area de 5 grados y mes donde se efectua 
la recaptura. Estos ajustes se hicieron a1 dividir el numero de devoluciones 
en cada estrato de area de 5 grados y mes por el correspondiente esfuerzo y 
luego multiplicandolo por un factor para obtener una cantidad ajustada 
de recapturas. Los calculos se explican detalladamente en 10s ultimos 
capitulos de este informe. 

El mktodo de ajuste es inadecuado, ya que no se hace concesidn alguna 
por las cantidades de esfuerzo de pesca en 10s estratos &rea-tiempo por el 
que pasan 10s peces antes de su recaptura. Tales ajustes pueden probable- 
mente llevarse a cab0 solo mediante la simulacidn computadora. Sin em- 
bargo, es probablemente mejor tener mientras tanto el ajuste que se acaba 
de describir a no tener ninguno. 

M6tudos incluyendo mapas 
Las localidades de recaptura de 10s peces de cada grupo liberado se 

presentan en la Figura 2. Estos mapas ofrecen un indicio uti1 sobre las 
distancias y las direcciones recorridas, per0 no definen estos parhmetros 
en tkrminos cuantitativos. Ademas, no existe ninguna medida para indicar 
las fechas de recaptura o 10s tiempos en libertad, y ksto se puede obtener 
solo a1 substituir varios mapas por cada uno de 10s actuales. 

En la Figura 3 y la Tabla 4 se indican 10s numeros ajustados de de- 
voluciones en mho hreas arbitrariamente seleccionadas de p e s  liberados 
en 1969 en un %rea de 15 grados (Area A en la figural. Los numeros se 
calcularon por 
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donde 

Nii = cantidad ajustada de devoluciones en 6rea i dlr&. 
nij = cantidad actual de devoluciones en Brea i durqte? 
f i i  = esfueno en area i durante el mes j .  

'' 
%es i Y 

Las cuatro devoluciones de peces liberados a1 norte de 10s 20°N I 

para estos calculos, pero se emplearon seis de las cuales se 
areas de 5 grados de recaptura per0 no las de 1 grado. Es 
relativamente pocos peces marcados y liberados en el &rea de 
15 grados migraron a areas a1 oeste de Baja California, fuera del ARC 
o a1 de 10s 5"N. Parece segiin estos datos que 10s peces marcados y 
liberados en el Area A se desplazaron del Area A a1 Area 2 a principios 
de febrero y regresaron a1 Area A aproximadamente a fines del mes. La 
incidencia de 10s peces marcados y liberados en el Area A aument6 en el 
Area B de enero a mayo, indicando el desplazamiento de 10s peces liberados 
en el Area A a1 Area B durante este periodo. 

M6fado de Skellam 
Los promedios de las distancias cuadradas del desplazamiento se 

calculan mediante 

donde - = 

t j  = 
ni = 

promedio de las distancias cuadradas del desplazamiento de 
peces recapturados en el mes j ,  

10s 

distancia del desplazamiento de un pez recapturado en el mes j y 
cantidad de devoluciones de peces en el mes j .  

Los promedios ajustados de las distancias cuadradas del desplazamiento se 
calculan mediante 

donde 

= promedio ajustado de las distancias cuadradas del desplaza- 

y i j  = distancia del desplazamiento de un pez recapturado en el area i 

fi i  = esfuerzo en el area i durante el mes j .  

miento de 10s peces recapturados en el mes j ,  

durante el mes j y 

Skellam (1951) indic6 que si la dispersi6n es aleatoria 10s promedios 
de las distancias cuadradas del desplazamiento aumentan linealmente con 
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el tiempo. Sin embargo, si el punto de liberacidn es cerca a la costa 10s 
peces irBn solo por una coria distancia en esa direccibn, y parece que el 
indice de dispersidn disminuye con el tiempo aun si este no es el caso. 

Los promedios sin ajustar de las distancias cuadradas de desplaza- 
miento de 10s seis grupos ya referidos de liberaciones se presentan en el 
margen izquierdo de la Figura 4. Los puntos se grafican solo para 10s 
meses que incluyen por lo menos cinco recapturas. Las cifras cerca a 10s 
puntos indican la cantidad de recapturas en cada mes. Estos datos indican 
que la dispersidn es aproximadamente aleatoria. En el Brea de Manzanillo 
la cantidad de devoluciones fue relativamente alta y el valor de fue rela- 
tivamente bajo en febrero 1970, siendo lo contrario para las hreas de Aca- 
pulco y 10s 10°N-lOOOW. Esto se debe probablemente a que el esfuerzo 
durante ese mes fue relativamente alto en las Breas 0-15-105 y 0-20-105 y 
relativamente bajo en las areas 0-10-095,O-10-100 y 0-10-105 (Tabla 4). 

Los promedios ajustados de las distancias cuadradas del desplaza- 
miento se presentan en el margen derecho de la Figura 4. Estos grBficos 
son muy similares a 10s del margen izquierdo de la figura. Los valores 
de febrero 1970 de las areas de Acapulco y 10°N-lOOOW son relativamente 
altos, lo cuBl indica que en promedio 10s peces se encontraban mBs lejos 
de las Breas de liberaci6n durante febrero que durante enero o marzo. Los 
datos indican la presencia de peces de esas dos areas en el Brea de Manza- 
nillo durante febrero, asi que es 16gico suponer que el alto esfuerzo ejercido 
en esa area durante ese mes se debid por lo menos parcialmente a una 
afluencia de peces de las Breas de Acapulco y 10s 10°N-lOOOW. 

Si el desplazamiento ocurre en su mayor parte o todo en una direcci6n 
y en base continua 10s promedios de 10s distancias del desplazamiento 
aumentarian linealmente con el tiempo, y 10s promedios de las distancias 
cuadradas del desplazamiento aumentarian exponencialmente. En la 
pr6xima seccibn se indicarB que 10s peces de las liberaciones de 1960 fueron 
recapturados en su mayoria a1 desplazarse en una direcci6n, y puede verse 
que 10s graficos de 10s peces liberados en el Brea de Acapulco en 1960 son 
c6ncavos hacia arriba y por lo tanto aproximadamente exponenciales. 

M6todo de Jones 
Este metodo, concebido por Jones (1959 y 1966), ha sido usado an- 

teriormente en una forma ligeramente diferente para el aleta amarilla 
por Fink y Bayliff (1970). 

La dispersi6n de 10s peces se analiza seg6n 10s datos de 10s meses de 
recaptura, dias en libertad, distancias de desplazamiento y direcciones de 
desplazamiento. Se emplean ocho direcciones de desplazamiento, 0"-45" real 
= 0, 45"-90" real = 1,. . . y 315"-360" real = 7. 

Se hacen 10s siguientes cBlculos respecto a 10s datos no ajustados por 
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mes de recaptura, por todos 10s meses combinados de recaptura, por direc- 
ci6n de desplazamiento y por todas las direcciones combmadas de desplaza- 

promedio del tiempo en libertad de 10s peces recapturados en 
el mes j que se desplazaron en direcci6n k, 
tiempo en libertad de un pez recapturado en el mes j que se 
desplazb en direcci6n k y 
cantidad de peces recapturados en el mes j que se desplazaron 
en direcci6n 6, 

promedio de la distancia de desplazamiento de 10s peces recap- 
turados en el mes j que se han movido en direcci6n k y 
distancia de desplazamiento de un pez recapturado en el mes j 
que se desplaz6 en direcci6n k, 

promedio de la velocidad de dislocaci6n de peces recapturados 
en el mes j que se desplazaron en direcci6n k y 
Bngulo correspondiente a la direcci6n de desplazamiento k (Di- 
recci6n 0 = 67s0, DireccMn 1 = 22M0, Direcci6n 2 = 337s0, 
. . . y Direcci6n 7 = 1121/2O y 

ajk2 = media cuadrada del coeficiente de dispersi6n de 10s peces r e c a p  
turados en el mes j que se desplazaron en direcci6n k. 
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La cantidad ajustada de devoluciones en cada estrato de mes y direc- 
ci6n de desplazamiento se calcula mediante 

(8 )  
- _  

N j k  = ($2) (crT TTF :;:) 
' I  f i j  

donde 

N j k  = cantidad ajustada de devoluciones en el mes j de peces que se 

nijk = cantidad actual de devoluciones en el &rea i durante el mes i 

f i r  = esfueno en e1 Area i durante el mes j .  

desplazaron en direcci6n k, 

de peces que se desplazaron en direcci6n k y 

Los c&lculos analogos a 10s ejecutados por las f6rmulas (4), (51, (6) y (7) 
se realizan mediante 

donde 

= promedio ajustado del tiempo en libertad de 10s peces recap- 
turados en el mes j que se desplazaron en direcci6n k y 

t i j k  = tiempo en libertad de un pez recapturado en el &rea i durante 
el mes j que se desplaz6 en direcci6n k, 

donde 

r k  = promedio ajustado de la distancia de desplazamiento de 10s 
peces recapturados en el mes j que se desplazaron en direcci6n 

iiik = distancia de desplazamiento de un pez recapturado en el &rea i 
k Y  

durante el mes que se desplaz6 en direcci6n k, 
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donde 

v j k  = 

Ajk2 = 

donde 

AjkZ = 
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promedio ajustado de la velocidad de dislocaci6n de peces r ecap  
turados en el mes j que se desplazaron en direcci6n k y 

r 

L 

media cuadrada ajustada del coeficiente de dispersi6n de 10s 
peces recapturados en el mes j que se desplazaron en direcci6n k. 

El significado del promedio de la velocidad de dislocaci6n y de la media 
cuadrada del coeficiente de dispersi6n ha sido discutido por Jones (1959 y 
1966). En resumen, la primera pertenece a1 desplazamiento direccional y 
la Gltima a1 desplazamiento aleatorio. La Gltima es una medida del pro- 
medio de la cantidad de desviaci6n del promedio de direcci6n del desplaza- 
miento. Un valor alto de vl .  (0 V,.) y un valor bajo de a J .  (0 AI . )  indicarian 
desplazamiento direccional con poca dispersih, mientras un valor bajo 
de vJ.  (0 V j . )  y un valor alto de a] .  (0 A,.)  indicarian lo contrario. A h  si 
el desplazamiento es completamente aleatorio, no se esperaria que 10s 
valores de v,. (0 VJ.) fueran iguales a 0 en la mayoria de 10s grupos actuales 
de liberaciones porque se hicieron cerca a1 litoral, y 10s peces se encontraban 
limitados en sus movimientos hacia la costa. 

Las direcciones y 10s promedios de las distancias de desplazamiento, 
segun fueron calculadas por 10s datos no ajustados de devoluci6n, se pre- 
sentan en el margen izquierdo de 10s diagramas de la Figura 5. La cifra 
en el centro del primer diagrama indica la cantidad de peces que no se 
desplazaron de las localidades de liberaci6n. (Como lo explicaron Schaefer, 
Chatwin y Broadhead (19611, debido a la falta de precisi6n en anotar las 
posiciones en el mar, 10s peces que se desplazaron 10 o 20 millas se registran 
frecuentemente como si hubieran sido recapturados en la localidad de li- 
beraci6n) . Las cifras cerca a las puntas de las flechas indican la cantidad 
de peces que se desplazaron en cada direcci6n y el promedio de las distancias 
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de desplazamiento, respectivamente. La anchura del circulo y de las lineas 
son proporcionales a 10s porcentajes de 10s peces que fueron recapturados 
en las localidades de liberaci6n y a 10s porcentajes que se desplazaron en 
cada direcci6n. La longitud de las lineas es proporcional a1 promedio de 
las distancias de desplazamiento. 

Los peces liberados en el area de Acapulco en 1960 se recapturaron 
principalmente a1 noroeste, mientras que 10s liberados en el area de Man- 
zanillo en 1960 y en las areas de Manzanillo y Acapulco en 1969 parece que 
hubieran migrado en su mayoria hacia el sudeste. Los peces liberados 
mar adentro fueron recapturados principalmente a1 este y nordeste. Los 
promedios de las distancias de desplazamiento de 10s peces liberados en el 
Area de Acapulco en 1960 fueron inferiores a 10s de 10s peces de otros 
grupos de liberaciones. En la Figura 4 puede verse que la mayoria de 10s 
primeros fueron recapturados poco tiempo despues de haber sido liberados, 
mientras que la mayoria de 10s ultimos estuvieron mas tiempo en libertad, 
asi que el promedio de la velocidad de dislocaci6n no es necesariamente 
inferior respecto a 10s peces liberados en 1960 en el area de Acapulco. 

Los diagramas equivalentes a 10s que se encuentran en el margen 
izquierdo de la Figura 5 se presentan para 10s datos ajustados de devoluci6n 
en el margen derecho de la figura. Los resultados son bastante similares 
a 10s obtenidos respecto a 10s datos no ajustados. Parece que hub0 una 
migraci6n considerable en Direcci6n 6 en el area de 10s 10°N-1080W, per0 
en el margen izquierdo de la figura puede verse que est0 se basa en solo 
tres recapturas, junto con un esfuerzo relativamente pequefio de pesca en 
10s estratos correspondientes de area de 5 grados y mes. 

Parece que las migraciones estuvieron mas orientadas para 10s peces 
liberados en 1960 que para aquellos liberados en 1969. Con el fin de inves- 
tigar &to a h  mas se graficaron las distribuciones del esfuerzo de pesca y 
las devoluciones por Areas de 1 grado y meses. Estos datos indicaron mas 
claramente que 10s de la Tabla 2 que hub0 relativamente poco esfuemo a1 
sudeste del area de Acapulco, y especialmente a1 noroeste del Area de Man- 
zanillo, durante 10s meses en 10s que se recaptur6 la mayor parte de 10s 
peces marcados. Por lo consiguiente existen dos posibilidades, (1) que el 
desplazamiento estuvo fuertemente orientado, lo que caus6 que el esfuerzo 
fuera distribuido en la forma en que lo fue, o (2) que la distribuci6n del 
esfuemo fue la causa de que el desplazamiento pareciera fuertemente 
orientado, aunque este no fue el caso. La primera explicaci6n es la mas 
probable si la distribuci6n de 10s peces marcados durante 10s periodos 
despues de la liberaci6n fue aproximadamente igual a la de la mayoria de 
10s peces en la misma area general y si el tiempo permiti6 que 10s barcos 
pescaran donde habia m5s concentraci6n de peces. La fdtima explicacibn 
es mAs probable si la distribucibn del esfuerzo de pesca fue el resultado de 
distribuciones de peces distintos a aquellos de 10s grupos a 10s que per- 

__ 



54 BAYLIFF Y ROTHSCHILD 

tenecian 10s peces marcados o el resultado de condiciones meteorolbgicas 
pos las cukles 10s barcos evitaron algunas de las areas en las que se despla- 
zaron 10s peces marcados. En  general, el tiempo es bastante malo entre 
Acapulco y Manzanillo de julio a fines de octubre, entre Costa Rica y Man- 
zanillo de agosto a fines de octubre y en el Golfo de Tehuantepec de noviem- 
bre a fines de mano.  El esfuerzo de pesca siempre ha sido relativamente 
bajo en el Golfo de Tehuantepec. Los resultados de 10s experimentos de 
1969 indicaron que el desplazamiento fue probablemente mks aleatorio de 
lo que indicaron 10s datos respecto a 10s peces de 10s experimentos de 1960. 
Esto modifica la conclusi6n de Fink y Bayliff (1970), quienes basados en 
10s resultados obtenidos con datos sin ajustar por el metodo de Jones de- 
clararon que el desplazamiento de 10s peces liberados en 1960 estuvo fuerte- 
mente orientado. 

No existe ninguna clave en estos diagramas que indiquen el tiempo 
en que estuvieron en libertad 10s peces o las fechas de recaptura, y &to 
puede obtenerse solo substituyendo varios diagramas por cada uno de 10s 
actuales. 

Las direcciones y 10s promedios de las distancias de desplazamiento 
por mes de recaptura, s e g h  se calculan por 10s datos de devolucibn no 
ajustados, se presentan en el margen izquierdo de la Figura 6. Los datos 
de 10s peces que se desplazan en diferentes direcciones se muestran en 
distintos recuadros en cada grafico. Los puntos de meses consecutivos se 
juntan por medio de lineas s6lidas y aquellos de meses no consecutivos por 
lineas de trazos. Las cifras cerca a 10s puntos indican la cantidad de peces 
en cada mes. Los valores de w . ~  aparecen en todos 10s recuadros, y 10s 
valores de u..? a1 pie de 10s recuadros. Estos diagramas son utiles para 
descubrir migraciones estacionales. Por ejemplo, si 10s peces estuvieran 
en el extremo meridional de su distribucibn en enero y en el extremo s e p  
tentrional en julio, y hubieran sido marcados en enero, 7. aumentaria por 
unos 6 meses y luego se reduciria. Ademas, habria muchos peces en 10s 
recuadros en las Direcciones 0 y 7 y pocos en 10s recuadros de las Direc- 
ciones 3 y 4 durante febrero-junio, mientras que lo contrario seria verdad 
durante agosto-diciembre. Las migraciones estacionales no son aparentes; 
las distancias desde las localidades de liberaci6n solo tienen la tendencia a 
ser constantes o aumentar con el tiempo. Las velocidades en cada direc- 
ci6n fueron aproximadamente las mismas en todos 10s experimentos, pero 
las velocidades a1 pie de 10s recuadros en 10s experimentos de 1960 fueron 
superiores debido a que la mayoria de 10s peces que fueron recapturados se 
habian desplazado en las mismas direcciones. 

Los diagramas equivalentes a 10s del margen izquierdo de la Figura 6 
se presentan con respecto a 10s datos ajustados de devoluciones en el mar- 
gen derecho de la figura. Estos diagramas parecen ser bastante similares 
a 10s datos no ajustados correspondientes, diferencigndose principalmente 
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por la cantidad de peces. Aparece un ejemplo notable en el recuadro de la 
Direccion 6 de 10s peces liberados en el area de Acapulco en 1969; en este 
cas0 se ajust6 una devolucidn individual a 34 devoluciones en octubre 
debido a que el esfuerzo fue bajo en el estrato de area de 5 grados y mes. 
Son interesantes las diferencias en 10s direcciones de desplazamiento de las 
devoluciones no ajustadas y ajustadas del mes de febrero de peces liberados 
en el Area de Acapulco en 1969. Respecto a 10s datos no ajustados, 7 de 
las recapturas se obtuvieron a1 sudeste (Direcciones 2 y 3) y 36 a1 noroeste 
(Direcciones 6 y 7) ; con relaci6n a 10s datos ajustados 24 de las recapturas 
se lograron a1 sudeste y 12 a1 noroeste. Esto indica que 10s peces liberados 
en el area de Acapulco en 1969 tienen la tendencia a distribuirse mas hacia 
el sudeste que a1 noroeste (e .d .  en el &rea de Manzanillo o cerca de alli) en 
febrero 1970. 

Las medias cuadradas de 10s coeficientes de dispersi6n por meses de 
recaptura, s e g h  fueron calculadas por 10s datos de devoluci6n no ajustados, 
se presentan en el margen izquierdo de la Figura 7. Los puntos se grafican 
solamente para 10s meses que incluyen por lo menos cinco devoluciones. 
Las cifras cerca de 10s puntos indican las cantidades de devoluciones en 
cada mes. Los valores de ai.* son superiores en 10s experimentos iniciados 
en 1969 ya que el esfuemo se esparci6 en 1970 a un area mucho mas grande, 
lo que di6 como resultado que las recapturas se encontraron tambien di- 
seminadas en un area mucho mayor. Las tendencias son muy similares a 
aquellas de 10s promedios de las distancias cuadradas de desplazamiento 
(Figura 4). Sin embargo, no existe la tendencia de que 10s valores de ul.* 
aumenten con el tiempo, posiblemente con la excepcidn de aquellos peces 
liberados en el area de Acapulco en 1969. Los valores en febrero de ui.y son 
bajos para 10s peces liberados en el Area de Manzanillo en 1969 y altos en 
ese aAo respecto a 10s peces liberados en las areas de Acapulco y 10s 10°N- 
1OOoW, &to debido probablemente a la gran cantidad de esfuerzo de pesca 
ejercido en el area de Manzanillo y a la poca cantidad ejercida en el area 
de Acapulco en febrero 1970. 

Los diagramas equivalentes a 10s del margen izquierdo de la Figura 7 
se presentan en el margen derecho de esa figura respecto a 10s datos 
ajustados de recaptura. Los resultados son bastante similares a 10s ob- 
tenidos por 10s datos no ajustados, siendo la diferencia principal que no 
parece que exista una tendencia progresiva para 10s peces liberados en el 
area de Acapulco en 1969. Por la raz6n dada en la discusi6n del metodo 
de Skellam, es 16gico suponer que el alto esfuerzo ejercido en el Area de 
Manzanillo durante febrero de 1970 se debi6 por lo menos en parte a una 
afluencia de peces de las areas de Acapulco y 10s 1O0N-10O0W. 

M6Mo variancia-covariancia 
Se usan e n  este metodo las coordenadas cartesianas, en lugar de las 
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coordenadas polares empleadas en el metodo de Jones. Se supone que cada 
pez ha sido liberado en el punto (0,O) , y la localidad de recaptura se expresa 
como la distancia este o oeste (X) y norte o sur ( Y )  de este punto. La 
matriz variancia-covariancia de las recapturas en el mes j de un grupo de 
liberaciones se calcula mediante 

donde 

nj  = cantidad de devoluciones durante el mes j ,  

L 
El determinante de la matriz variancia-covariancia se calcula mediante 

y el coeficiente de correlaci6n por 

Es evidente que si el desplazamiento de un grupo de peces fue aproximada- 
mente en un angulo de 45 grados con relaci6n a la abcisa a la ordenada, o 
sea nordeste, sudeste, sudoeste o noroeste (0 en dos direcciones opuestas), 
seria m8s probable que el coeficiente de correlaci6n sea significativo que 
si lo fuera aproximadamente a lo largo de uno de 10s ejes, o sea norte y/o 
sur o este yJo oeste. Con el fin de remediar este sesgo se giraron 10s ejes, 
empleando un metodo concebido por el Dr. Robert C. Francis. La abcisa y 
la ordenada transformadas fueron aquellos ejes a traves del origen que 
estaban en angulos de 45 grados respecto a la direcci6n de maxima varia- 
bilidad en el sistema original de las coordenadas cartesianas. Esa direcci6n 
fue determinada a1 computar el primer vector caracteristico de la matriz 
original variancia-covariancia. Este procedimiento pone a1 m5ximo 10s 
coeficientes de correlaci6n. 

Se calcula la matriz ajustada variancia-covariancia mediante 



MIGRACIONES DE ALETA AMARILLA 57 

donde 

El determinante de la matriz variancia-covariancia y el coeficiente de 
correlacih evidentemente se encuentran estrechamente relacionados ya que 
el primero se obtiene a1 substraer un nlimero mas pequefio de uno mas 
grande y el segundo se obtiene a1 dividir el mismo nlimero menor por el 
mismo nlimero mayor y luego se saca la raiz cuadrada del cociente. El 
determinante de la matriz variancia-covariancia es un indice de la dispersi6n 
de 10s peces; cuando las distancias de 10s peces son grandes la una de la otra 
el determinante es grande. Por lo consiguiente es muy similar a 10s valores 
ai.2 del mPtodo de Jones. El coeficiente de correlacih se aproxima a 0 
cuando el desplazamiento es aleatorio y se aproxima a 1 cuando el desplaza- 
miento es solamente en una direcci6n o en dos direcciones opuestas. 

El metodo variancia-covariancia se basa en probabilidades, asi que 
cuando se ajustan 10s datos &to anula las estimaciones del determinante 
de la matriz variancia-covariancia y del coeficiente de correlacih. No 
obstante, estas estimaciones se presentan en las figuras para compararlas 
con aquellas obtenidas por 10s datos no ajustados. 

LQS promedios de las localidades de recaptura por meses de recaptura, 
segtin se calcula de 10s datos de devoluci6n no ajustados, se presentan en el 
margen izquierdo de la Figura 8. Los puntos se grafican solo respecto a 
10s meses que incluyen por lo menos cinco devoluciones. Las cifras cerca 
de 10s puntos indican 10s meses de recaptura (1 = enero, 2 = febrero, etc.) . 
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De nuevo es evidente que 10s peces liberados en el area de Acapulco en 
1960 fueron recapturados en su mayoria a1 noroeste y que 10s liberados en 
ese aAo en el area de Manzanillo fueron recapturados en su mayoria a1 
sudeste. Es ademas aparente que 10s peces liberados en las areas de Man- 
zanillo y Acapulco en 1969 fueron recapturados en su mayor parte a1 
sudeste, mientras que 10s liberados mar adentro fueron recapturados en su 
mayoria a1 este y nordeste. Sin embargo, 10s peces liberados en el area de 
Acapulco en 1969 aparecieron en su mayoria hacia el noroeste del area de 
liberaci6n en febrero 1970, coincidiendo con la gran cantidad de esfuerzo 
de pesca en el area de Manzanillo durante ese mes. Asimismo, 10s peces 
liberados en 1969 en las areas de 10s 10°N-lOO"W y 10°N-1080W apareci- 
eron mas a1 norte del area de liberaci6n en febrero que en cualquiera de 
10s otros m e s s  de 1970. 

Los diagramas equivalentes a 10s del margen izquierdo de la Figura 8 
se presentan para 10s datos ajustados de devoluci6n en el margen derecho 
de la figura. Los diagramas en 10s margenes izquierdo y derecho de esta 
figura se diferencian mas 10s unos de 10s otros que 10s de 10s margenes 
izquierdo y derecho de cualquiera otra figura. Parece que 10s peces 
liberados en 1969 en el area de Acapulco no emigraron en grandes can- 
tidades al area de Manzanillo a principios de febrero de 1970; asi que la 
captura total fue grande en esa area durante ese mes debido a que 10s peces 
que ya estaban alli fueron mas vulnerables a la pesca o a causa de que hub0 
un ingreso de peces de grupos distintos a 10s que pertenecian 10s peces 
liberados en el area de Acapulco en 1969. Lo mismo puede aplicarse a 10s 
peces liberados en 1969 a 10s 10°N-lOOOW; su desplazamiento a principios 
de febrero 1970 fue principalmente hacia el este. 

Los determinantes no ajustados y ajustados de las matricies variancia- 
covariancia por meses de recaptura se presentan en 10s margenes izquierdo 
y derecho de la Figura 9. Los resultados son similares a 10s presentados 
en las Figuras 4 y 7, siendo la disimilitud principal que las diferencias entre 
10s seis grupos de liberaciones son mayores respecto a las extensiones 
(rangos) de las distribuciones de 10s determinantes que para las extensiones 
de las distribuciones de 10s parametros en las otras dos figuras. Se esperaba 
que 10s resultados fueran particularmente similares a 10s de la Figura 7, 
per0 indican una tendencia progresiva con el tiempo correspondiente a 10s 
peces liberados en 1969 en el area de Acapulco, que se parece mas a la 
tendencia indicada en la Figura 4 que a la de la Figura 7. 

Los coeficientes de correlaci6n no ajustados y ajustados por meses de 
recaptura se presentan en 10s margenes izquierdo y derecho de la Figura 10. 
Los resultados son similares a 10s indicados en las Figuras 4, 7 y 9, especial- 
mente la Figura 7. Solo dos coeficientes de correlacidn no ajustados en 
meses con mas de seis devoluciones no fueron significativos a1 nivel del 5 
por ciento; estos fueron 10s coeficientes de correlaci6n del area de Man- 
zanillo en enero 1970 (g. 1. = 17, Y = 0.217) y el area de 10s 10°N-lOOOW 
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en enero 1970 (g. 1. = 27, Y = 0.356). Sin embargo, 10s coeficientes de 
correlaci6n ajustados fueron significativos para ambas areas (Y  = 0.669, 
P < 0.01 para el primer0 y Y = 0.649, P < 0.01 para el liltimo). Solo hub0 
un coeficiente de correlaci6n no significativo para 10s datos ajustados en un 
mes con mas de seis devoluciones; en este cam fue para el area de Acapulco 
en marzo 1970 (g. 1. = 67, Y = 0.217). 

!Calla de 10s peces y efecto de la talla sobre la direcci6n de desplazamiento 
Seria conveniente comparar la distribuci6n de tallas a1 momento de 

liberaci6n de 10s peces marcados que fueron devueltos con relacibn a la 
distribuci6n de las frecuencias de talla de 10s peces capturados en las 
mismas areas a1 mismo tiempo para ver si 10s primeros representan estos 
atimos. Ademas, es conveniente comparar las direcciones de desplaza- 
miento de 10s peces de diferentes tallas. 

Los datos sobre la distribucibn de las frecuencias de talla de 10s peces 
en las capturas se obtienen rutinariamente por mediciones de muestras de 
50 peces poco tiempo despues de que han sido desembarcados en 10s en- 
latadoras (Hennemuth, 1957). Los datos apropiados se presentan en la 
Figura 11. Los datos de las frecuencias de talla en 1960 del area de Aca- 
pulco consisten en nueve muestras de peces capturados por clipers en esa 
area en marzo y abril de 1960. Los del area de Manzanillo en 1960 con- 
sisten de una muestra de peces capturados por un cliper en esa area en 
agosto de 1960; estos datos no se presentan en la figura porque 10s peces 
marcados y liberados en agosto de 1960 no fueron medidos. Los datos de 
las frecuencias de talla en 1969 consisten en una muestra de peces descar- 
gados por el barco usado para el marcado. (No se obtuvieron otras 
muestras porque, debido a las regulaciones mencionadas antes, no habia 
otros barcos pescando en el area durante el liltimo trimestre de 1969). 
Esta muestra incluia una mezcla de peces capturados en las areas de Aca- 
pulco y 10s 10°N-lOSOW. Estaba sesgada debido a que se sacaron 10s 
peces de 10s capturados para el marcado y, segun se demostrara mas ade- 
lante, no se seleccionaron porciones iguales de peces de todas las tallas 
con este prop6sito. 

Los datos sobre la distribuci6n de tallas a tiempo de liberaci6n de 10s 
peces marcados que fueron devueltos se presentan tambien en la Figura 11. 

La captura en 1960 en el &rea de Acapulco parece que consisti6 en 
tres grupos de peces, aunque la mayoria de 10s peces marcados que fueron 
devueltos parece que pertenecian a1 grupo del medio. Por lo consiguiente 
10s datos presentados en este informe pueden representar solo las migra- 
ciones de 10s peces del grupo del medio. 

Los peces marcados en el area de Manzanillo en 1960 tenian probable- 
mente de unos 50 a 60 cm de longitud (Fink y Bayliff, 1970: 208). Los 50 
peces de la muestra correspondiente a la captura tenian en su mayoria de 
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54 a 62 cm de longitud, asi que 10s peces marcados representaban probable- 
mente bastante bien aquellos capturados en esa area durante ese mes. 

La muestra sesgada de la captura en 1969 de las areas de Acapulco 
y 10s 10°N-108"W indica dos grupos de peces, uno con peces de una talla 
inferior a 100 cm y el otro con peces de mas de 110 cm. La gran mayoria 
de 10s peces marcados que fueron recapturados tenian menos de 100 cm 
de longitud cuando fueron liberados. Asi que en este cas0 10s datos pre- 
sentados en este informe pueden representar solo las migraciones de 10s 
peces mas pequeiios. 

Los peces del grupo mas grande, aquellos liberados en el area de Aca- 
pulco en 1969, fueron seleccionados para comparar las direcciones de 
desplazamiento de 10s peces de diferentes tallas. Se prepar6 un grSico 
de las frecuencias de talla de 10s peces marcados y liberados en esta area, 
y basados en &to 10s peces que fueron devueltos se dividieron en las sigui- 
entes categorias: pequefios 42-71 cm (62 peces) ; medianos, 72-93 cm (294 
peces); grandes, 94-126 cm (18 peces); desconocidos (5 peces). Un 
examen preliminar de 10s datos indic6 que 10s peces pequeiios tienden a 
migrar mas hacia el noroeste que a1 sudeste, mientras sucede lo contrario 
con 10s peces medianos y grandes. Se observ6 que las porciones de 10s 
peces pequeiios y medianos difieren entre las caladas realizadas en dife- 
rentes localidades en el area de Acapulco, asi que las diferencias en direc- 
ci6n de desplazamiento pueden ser debidas a las diferencias en la localidad 
de liberaci6n en lugar de a las diferencias de talla de 10s peces. Con el fin 
de examinar &to se dividieron 10s datos entre cinco localidades de libera- 
cibn, tres direcciones de desplazamiento, sudeste (Direcciones 2 y 31, sudo- 
este (Direcciones 4 y 5) y noroeste (Direcciones 6 y 7)  y dos tallas, pequefia 
y mediana. Los peces se habian liberado en siete areas de 1 grado, per0 se 
combinaron 10s datos de dos de ellas con las dos areas mas cercanas de 1 
grado para evitar compartimentos vacios. Los datos de 10s peces que se 
desplazaron en las Direcciones 0 y 1 y 10s de 10s peces grandes no se con- 
sideraron ya que habia muy pocos en ems categorias. Los resultados de 
las pruebas de G (Sokal y Rohlf, 1969: 601-607) son 10s siguientes: 

Grados de 
libertad G Probabdidad 

~~ 

Independencia de localidad X talla 6 34.046 < 0.01 
Independencia de localidad X direcci6n 8 33.056 < 0.01 
Independencia de talla X direcci6n 2 20.936 < 0.01 

X direcci6n 8 2.798 > 0.05 
Interacci6n de localidad X talla 

Total 
~~ ~~ 

22 91.286 
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La interacci6n no significativa indica ya sea que la diferencia en las direc- 
ciones de desplazamiento de 10s peces pequefios y medianos fue causada 
por diferencias en las porciones de 10s peces pequefios y medianos liberados 
en las diferentes localidades o que la diferencia en direcciones de desplaza- 
miento de 10s peces liberados en las diferentes localidades fue causada por 
diferencias en las porciones de 10s peces pequefios y medianos en esas 
localidades. El examen de 10s datos revela que este hltimo es el caso; por 
lo consiguiente 10s peces pequefios tienden a migrar mas hacia el noroeste 
y 10s peces medianos mas hacia el sudeste. 

Una prueba de contingencia del ji-cuadrado indica que no hay dife- 
rencia en las direcciones de desplazamiento de 10s peces medianos y grandes 
(x' = 0.533, g. 1. = 2, P > 0.05). Sin embargo, la cantidad devuelta de 
peces grandes fue limitada, y la mayoria de estos fueron mas pequeiios que 
10s grandes peces de la muestra (Figura 11). Si se hubieran marcado y 
devuelto porciones iguales de peces capturados de todas las tallas, probable- 
mente hubiera habido mas desplazamiento hacia el sudeste y menos a1 
noroeste, per0 no se tiene seguridad sobre est0 debido a que se liberaron 
tan pocos peces marcados de una talla superior a 10s 100 cm. 

SUMARIO Y CONCLUSIONES 
El metodo de mapas, el de Jones y el de la variancia-covariancia son 

todos titiles para estudiar las migraciones de aleta amarilla, y cada uno 
presenta informaci6n que complernenta la presentada por 10s otros. El 
metodo de Skellam, conforme se emplea en este informe, es menos htil. 

Los desplazamientos de 10s peces marcados y liberados en 1960 parecen 
que hubieran sido fuertemente orientados, per0 se indic6 que est0 probable- 
mente fue causado principalmente por la distribucibn del esfuerzo de pesca. 
El esfueno se distribuy6 mas extensamente en 1970, y el desplazamiento 
de 10s peces parece que fue menos orientado. Los coeficientes de correla- 
ci6n derivados del metodo variancia-covariancia indicaron, sin embargo, que 
de ninguna manera fueron aleatorios. 

Una de 10s cuestiones mas interesantes es que si una porci6n principal 
de 10s peces marcados y liberados en las areas de Acapulco y 10s 10°N- 
1OOoW en 1969 migraron si o no a1 noroeste a1 area de Manzanillo a prin- 
cipios de febrero 1970. Si se hubieran analizado 10s datos solamente por el 
metodo de Skellam se hubiera determinado que este era el caso. Sin em- 
bargo, a1 emplear el metodo de 10s mapas, el de Jones y el de la variancia- 
covariancia se demostr6 que cuando se ajustan 10s datos el desplazamiento 
a1 area de Manzanillo no tuvo relativamente importancia. Un analisis del 
desplazamiento por talla indic6 que 10s peces pequefios tienden a desplazarse 
a1 noroeste y 10s medianos y grandes tienden a desplazarse a1 sudeste. 

Seria conveniente comparar 10s datos de 10s peces marcados Iiberados 
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en las mismas areas durante 10s mismos meses en otros aiios para deter- 
minar el grado de variaci6n de las migraciones en diferentes aiios. Estos 
experimentos fueron iniciados en pequeiia escala en 1970, 1971, 1972 y 
1973, y las comparaciones se haran eventualmente. Seria ademas con- 
veniente estudiar las migraciones de 10s peces marcados liberados en otras 
areas, especialmente frente a la America Central y fuera del ARCAA. Los 
peces marcados fueron liberados en estas areas en 1970 y 1971, per0 en 
una escala muy inferior a la necesaria. Los experimentos frente a la 
America Central se iniciaron durante abril, mayo y junio, pero deben 
iniciarse tambien durante octubre, noviembre o diciembre para obtener 
ventaja del period0 maximo de pesca en esa area durante enero a mayo. 
Finalmente, seria conveniente marcar y liberar mas peces grandes. Desa- 
fortunadamente, sin embargo, estos peces son tan dificiles de manipulear 
que &to seria casi imposible de realiiar. 
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